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A s t r a t e g y  b a s e d  on  the  u s e  o f  h u m a n - s p e c i f i c  i n t e r -  
s p e r s e d  r e p e t i t i v e  s e q u e n c e  ( I R S ) - P C R  a m p l i f i c a t i o n  
w a s  u s e d  to  i s o l a t e  r e g i o n a l  D N A  m a r k e r s  in the  v i c i n -  
i t y  o f  t h e  i n c o n t i n e n t i a  p i g m e n t i  1 ( IP1)  locus .  A rad ia -  
t i on  h y b r i d  (RH) r e s u l t i n g  f r o m  a f u s i o n  o f  an i rra -  
d i a t e d  X - o n l y  s o m a t i c  ce l l  h y b r i d  ( C 1 2 D )  a n d  a t h y m i -  
d i n e  k i n a s e  d e f i c i e n t  ( T K - )  h a m s t e r  ce l l  l ine  ( a 2 3 )  w a s  
i d e n t i f i e d  as  c o n t a i n i n g  m u l t i p l e  X c h r o m o s o m e  f r a g -  
m e n t s ,  i n c l u d i n g  D N A  m a r k e r s  s p a n n i n g  I P 1  X - c h r o -  
m o s o m a l  t r a n s l o c a t i o n  b r e a k p o i n t s  w i t h i n  r e g i o n  
X p 1 1 . 2 1 .  F r o m  th i s  R H ,  a p a n e l  o f  s u b c l o n e s  w a s  c o n -  
s t r u c t e d  and  a n a l y z e d  b y  I R S - P C R  a m p l i f i c a t i o n  to (a) 
i d e n t i f y  s u b c l o n e s  c o n t a i n i n g  a r e d u c e d  n u m b e r  o f  X 
c h r o m o s o m e  f r a g m e n t s  s p a n n i n g  the  I P 1  b r e a k p o i n t s  
a n d  (b) c o n s t r u c t  a m a p p i n g  p a n e l  to  a s s i s t  in  i d e n t i f y -  
i n g  r e g i o n a l  D N A  m a r k e r s  in t h e  v i c i n i t y  o f  the  I P 1  
l ocus .  B y  u s i n g  th i s  s t r a t e g y ,  w e  h a v e  i s o l a t e d  t h r e e  
d i f f e r e n t  I R S - P C R  a m p l i f i c a t i o n  p r o d u c t s  tha t  m a p  to  
a r e g i o n  b e t w e e n  I P 1  X c h r o m o s o m e  t r a n s l o c a t i o n  
b r e a k p o i n t s .  A t o t a l  o f  n i n e  D N A  s e q u e n c e s  h a v e  n o w  
b e e n  m a p p e d  to  th i s  r e g i o n ;  u s i n g  t h e s e  D N A  m a r k e r s  
for  P F G E  a n a l y s e s ,  w e  o b t a i n e d  a p r o b e  o r d e r  D X S 1 4 -  
D X S 4 2 2 - M T H F D L 1 - D X S 7 0 5 .  T h e s e  D N A  m a r k e r s  
p r o v i d e  a s t a r t i n g  p o i n t  for  i d e n t i f y i n g  o v e r l a p p i n g  ge-  
n o m i c  s e q u e n c e s  s p a n n i n g  t h e  I P  1 t r a n s l o c a t i o n  b r e a k -  
po in t s ;  t h e  a v a i l a b i l i t y  o f  I P 1  t r a n s l o c a t i o n  b r e a k -  
p o i n t s  s h o u l d  a s s i s t  t h e  m o l e c u l a r  a n a l y s i s  o f  th i s  
l O C U S .  © 1992 Academic Press, Inc. 
INTRODUCTION 
The isolation of DNA markers from a targeted chro- 
mosomal region has been a required prerequisite for the 
positional cloning of human genes and the construction 
1 To whom correspondence and reprint requests should be ad- 
dressed at Division of Pediatric Genetics, Depar tment  of Pediatrics, 
3570 MSRB II, P.O. Box 0688, University of Michigan Medical 
Center, Ann  Arbor, MI 48109-0688. 
of complete regional maps. In addition, the construction 
and characterization of somatic cell hybrids containing 
defined human chromosomal fragments has been in- 
strumental in the development of high-resolution physi- 
cal maps. As part of an effort to clone the incontinentia 
pigmenti 1 (IP1) locus, we sought a strategy to increase 
the efficiency of isolating region-specific DNA markers 
from Xpll .21.  The IP1 locus has been mapped to region 
Xpl  1.21 by cytologic (Gilgenkrantz et  al., 1985; Hodgson 
e t  al., 1985; Kajii et  al., 1985; Cannizzaro and Hecht, 
1987; Crolla et  al., 1989) and molecular (Gorski et  al., 
1991) analyses. 
A three-step approach was taken to isolate additional 
regional DNA markers in the vicinity of the IP1 locus. 
First, radiation hybrids (RHs) that  contained DNA 
markers spanning IP1 X-chromosomal translocation 
breakpoints were identified. RHs  have been shown to be 
an effective means of nonselectively retaining small de- 
fined human chromosome fragments (Benham e t  al., 
1989; Cox et  al., 1989; Zoghbi e t  al., 1991). Second, to 
further enrich for DNA markers in the vicinity of the 
IP1 locus and construct a R H  mapping panel, a single 
RH containing markers spanning the IP1 breakpoints 
was used to isolate R H  subclones. We hypothesized that, 
for a RH containing multiple human chromosomal frag- 
ments, fragments integrated within different hamster 
chromosomes would segregate independently during 
passage. By inference this suggested that, by isolating 
and characterizing a number of RH subclones, it would 
be possible to (a) identify "enriched" subclones that  
nonselectively retained DNA markers in the vicinity of 
the IP1 locus while losing other human fragments pres- 
ent in the parental RH, (b) determine whether DNA 
markers consistently cosegregated as expected for 
markers present on a single integrated fragment, and (c) 
use the RH subclones to construct a regional mapping 
panel. 
Third, RH subclones were analyzed by using inter- 
spersed repetitive sequence ( IRS)-PCR amplification; 
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by  u s i n g  p r i m e r s  d i rec ted  a g a i n s t  h u m a n  repe t i t ive  se- 
quences ,  i t  is poss ib le  to se lec t ive ly  amp l i fy  h u m a n - s p e -  
cific D N A  sequences  ( N e l s o n  e t  al., 1989; L e d b e t t e r  e t  
al., 1990). Here ,  I R S - P C R  a m p l i f i c a t i o n  was used  to  
" f i n g e r p r i n t "  R H  subc lones ,  e s t i m a t e  t he  c o m p l e x i t y  of 
the  h u m a n  D N A  c o n t a i n e d  w i t h i n  each  hybr id ,  a n d  gen-  
e ra te  new D N A  marke r s .  T o  fac i l i ta te  the  l a t t e r  task ,  a 
c o m p a r a t i v e  a n a l y s i s  was p e r f o r m e d  to i den t i fy  a n d  iso- 
la te  I R S - P C R  p r o d u c t s  r e s t r i c t ed  to R H  subc lones  con-  
t a i n i n g  D N A  m a r k e r s  s p a n n i n g  IP1  b r e a k p o i n t s .  I R S -  
P C R  p r o d u c t s  were m a p p e d  to specific i n t e r v a l s  w i t h i n  
Xp11.21 by  u s i n g  a n  IP1  soma t i c  cell h y b r i d  m a p p i n g  
p a n e l  (Gorsk i  e t  al., 1991) a n d  were used  as p robes  to 
e x t e n d  the  phys i ca l  m a p  of the  IP1  locus. 
MATERIALS AND METHODS 
Somatic cell hybrid and radiation hybrid cell lines. C9-5, B13-3, and 
C17-1D3 are human-hamster hybrid cell lines and CLX17-A12 is a 
human-mouse hybrid cell line constructed from Epstein-Barr virus- 
transformed lymphoblastoid cell lines derived from three unrelated 
female patients with nonfamilial IP. Hybrids C9-5 and B13-3 contain 
the translocated X chromosome t(X;9)(p11.21;q34.3) (Gilgenkrantz 
et al., 1985) and t(X;13) (pl 1.21; q12.3) (Kajii et al., 1985), respectively; 
hybrid C17-1D3 contains the derivative X chromosome, and hybrid 
CLX17-A12 contains the derivative 17 chromosome t(X;17)(p11;p11) 
(Hodgson et al., 1985; Crolla et al., 1989). The construction and charac- 
terization of these hybrids has been described (Gorski et al., 1989, 
1991). Hybrids GM06853 and GM06318 contain only a structurally 
intact human X chromosome (Coriell Medical Institute, Camden, 
NJ). Hybrid A63-1A contains the translocation chromosome 
t(X;20)(20pter-q11.l::Xq11.1-xqter); hybrid A48-1Fa contains the 
translocation chromosome t(X;11)(l lpter- l lcen::Xcen-Xqter)  
(Mahtani and Willard, 1988); and hybrid GM10501 contains the 
translocation chromosome t(X;17)(17qter-17q11.2::Xp11.21-Xqter) 
(Lafreniere et al., 1991) (Coriell Medical Institute). 
A procedure to produce radiation hybrids has been described in de- 
tail (Benham et al., 1989). Briefly, RHs containing portions of a hu- 
man X chromosome were constructed by irradiating a human-ham- 
ster hybrid cell line containing a single structurally intact human X 
chromosome, C12D (Goss and Harris, 1975), with 50,000 rads and 
performing a polyethylene glycol-mediated fusion with thymidine ki- 
nase deficient (TK-) hamster cell line a23 (Westerveld et al., 1971). 
RHs were screened by hybridization analysis using 32 randomly dis- 
tributed DNA markers that spanned the length of the X chromosome 
including markers mapped immediately proximal (DXZ1, Xcen) and 
distal (DXS146, Xp11.22) to and between (DXS14, Xp11.21) IP1 X- 
chromosomal translocation breakpoints (Gorski et al., 1991, 1992). 
RH clone 128 (RH 128) was one of 4 RHs identified which contained 
these 3 loci and less than 3 other X-chromosomal loci. RH 128 alone 
was found to survive prolonged passage. RH 128 subclones were ob- 
tained by dilutional subcloning; each clone was isolated from a sepa- 
rate plate. 
PCR amplification and analysis. Three different primers directed 
against Alu (Nelson et al., 1989) or LIHs (Ledbetter et al., 1990) hu- 
man-specific consensus sequences were modified to contain a 5' 
NotI  restriction endonuclease recognition sequence; these included 
the 5' Alu consensus sequence A-517N, AAGTGCGGCCGCGATC- 
TCGGCTCACTGCAA; the 3' Alu consensus sequence A-TC65N, 
AAGTCGCGGCCGCTTGCAGTGAGCCGAGAT; and the LIHs 
consensus sequence LIHsN, AAGTCGCGGCCGCATGGCACATG- 
TATACATATGTAACT/AAACC. PCR was performed in a 100-t~l vol- 
ume containing 1 #g of hybrid DNA, 50 mM KC1, 10 mM Tris-HC1, 
1.6 mM MgC12, 0.01% gelatin, 250 ttM each dNTPs, and either 0.5 tLM 
(A-517N, A-TC65N) or 1 #M (LIHsN) primer. PCR reactions were 
incubated at 37°C for i h, 94°C for 9 min, and, after the addition of 5 U 
Ampl iTaq DNA polymerase (Perkin-Elmer/Cetus), 36 cycles of 94°C 
denaturation (1 min), 55°C annealing (1 min), and 72°C extension (4 
min) were performed. Amplification products were electrophoresed in 
1.5% agarose and stained with ethidium bromide; single PCR products 
were excised from a gel, electroluted, and purified by diethylamin- 
oethyl cellulose chromatography (DE52; Whatman, UK) (Schleif and 
Wensink, 1981). Gel-purified and subcloned amplification products 
were reamplified by using 1 ng of product and the original primer. To 
identify unique amplification products, like-sized products were di- 
gested with either RsaI or AluI and electrophoresed in 1.5% agarose; 
products yielding a unique pattern of restriction fragments ("finger- 
print") were selected for further characterization. For subcloning, 
PCR products were sequentially extracted with phenol and chloro- 
form, digested with restriction enzyme NotI,  reextracted, and ligated 
to NotI-digested plasmid. 
D N A  probes. DNA markers used in this study have been previ- 
ously described (Gorski et al., 1991). The localization of these markers 
relative to IP1 X-chromosomal translocation breakpoints is shown 
schematically in Fig. 2 and summarized in a companion paper (Gorski 
et al., 1992). Plasmid DNA was prepared by standard techniques; prior 
to use as probes, DNA fragments were isolated from agarose gels by 
electrolution (Maniatis et al., 1982). 
Standard and pulsed-field Southern hybridizations. Standard and 
pulsed-field Southern transfer hybridizations were performed as de- 
scribed (Gorski et al., 1991, 1992). Radioactive probes were prepared 
by random oligonucleotide priming (Feinberg and Vogelstein, 1983). 
PCR amplification products to be used as probes were preannealed 
with human placental DNA to Cot 100 as described (Sealey et al., 
1985). PFGE was performed at 14°C in 0.5× TBE buffer (Maniatis et 
al., 1982) using a contour-clamped homogeneous electrical field 
(CHEF) gel system (Chu et al., 1986) (CHEF DRII, Bio-Rad). 
RESULTS 
I d e n t i f i c a t i o n  a n d  C h a r a c t e r i z a t i o n  o f  R a d i a t i o n  H y b r i d s  
R a d i a t i o n  h y b r i d  128 ( R H  128) was  f o u n d  to c o n t a i n  
a t  leas t  five d i f fe ren t  loci i n  the  v i c i n i t y  of the  IP1  locus,  
i n c l u d i n g  loci m a p p e d  p r o x i m a l  (DXZ1;  X cen )  a n d  dis-  
t a l  (DXS146;  Xp11.22)  to a n d  b e t w e e n  (DXS14,  
D X S 343 ,  D X S 370 ;  Xp11.21)  IP1  X - c h r o m o s o m a l  
t r a n s l o c a t i o n  b r e a k p o i n t s  (Gorsk i  e t  al., 1991) (Fig. 1); 
these  resu l t s  sugges ted  t h a t  R H  128 c o n t a i n e d  a n  X-  
c h r o m o s o m a l  f r a g m e n t  s p a n n i n g  the  IP1  t r a n s l o c a t i o n  
b r e a k p o i n t s .  R H  128 did n o t  c o n t a i n  f l a n k i n g  loci D X S 7  
(Xp11.3)  or D X S 1  (Xq11) (da ta  n o t  shown) .  U s i n g  a n  
a d d i t i o n a l  30 p robes  r a n d o m l y  d i s t r i b u t e d  a long  t he  
l e n g t h  of  the  X c h r o m o s o m e ,  i n c l u d i n g  22 p robes  
m a p p e d  to Xq,  h y b r i d i z a t i o n  a n a l y s e s  showed  t h a t  R H  
128 c o n t a i n e d  on ly  two a d d i t i o n a l  loci m a p p e d  to  
Xp22.3  ( D X Y S 2 0  a n d  S T S )  (da ta  n o t  shown) .  
T o  more  fu l ly  cha rac te r i ze  the  X - c h r o m o s o m a l  con-  
t e n t  of R H  128, R H  128 D N A  was P C R  ampl i f i ed  u s i n g  
A l u - d i r e c t e d  p r i m e r  A - T C 6 5 N  to  gene ra t e  h u m a n - s p e -  
cific p r o d u c t s  (Fig. 1). T e n  r a n d o m l y  se lec ted  e t h i d i u m  
b r o m i d e - s t a i n e d  p r o d u c t s  were m a p p e d  by  h y b r i d i z a t i o n  
to S o u t h e r n  b lo t s  c o n t a i n i n g  IP1  soma t i c  cell hyb r id -  
m a p p i n g - p a n e l  D N A .  All  10 p r o d u c t s  hyb r id i zed  to all  of  
the  m a p p i n g  p a n e l  D N A s ,  i n c l u d i n g  those  c o n t a i n i n g  
on ly  X q  (hybr ids  A 4 8 - 1 F a  a n d  A63-1A) (da ta  n o t  
shown) .  Toge the r ,  these  r e su l t s  i n d i c a t e d  t h a t  R H  128 
c o n t a i n e d  a t  leas t  t h ree  d i s t i n c t  X c h r o m o s o m e  f lag-  
m e n t s  and ,  a l t h o u g h  R H  128 c o n t a i n e d  D N A  m a r k e r s  
s p a n n i n g  the  IP1  X c h r o m o s o m e  t r a n s l o c a t i o n  b r e a k -  
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FIG.  1. Comparison of A-TC65N-primed PCR amplification 
products obtained from DNA isolated from a hamster cell line, RH 
128, and 10 independently derived RH 128 subclones (clones A4-A1) 
electrophoresed in a 1.5% agarose gel (A), and autoradiograms of a 
membrane containing identically ordered HindIII-digested RH 128 
and RH 128 subclone DNAs sequentially hybridized with DNA 
markers spanning the IP1 X-chromosomal translocation breakpoints 
(B). Compared to RH 128, subclones A4 and D6 yielded an identical 
pattern of PCR products; the other subclones yielded a reduced pat- 
tern, and subclone A2 yielded the fewest products (A). Eight sub- 
clones contained all five markers spanning the IP1 breakpoints; sub- 
clones A3 and A5 contained none of the markers (B). Three PCR 
products, 2S, 3S, and 4S (arrows) were restricted to those RHs con- 
taining the DNA markers (A). 
points, most RH 128 IRS-PCR products were Xq in 
origin. 
We hypothesized that, for a radiation hybrid contain- 
ing multiple human chromosome fragments, fragments 
integrated within different hamster chromosomes would 
segregate independently during passage. By inference, 
this suggested that, by isolating and characterizing a 
number of RH 128 subclones, it would be possible to (a) 
identify "enriched" subclones that  nonselectively re- 
tained DNA markers in the vicinity of the IP1 locus 
while losing other human fragments present in the pa- 
rental RH, (b) determine whether DNA markers consis- 
tently cosegregated as expected for contiguous markers, 
and (c) construct a RH subclone mapping panel. To facil- 
itate the isolation of additional DNA markers in the vi- 
cinity of the IP1 locus, we tested this hypothesis by iso- 
lating 24 independent RH 128 subclones; 10 subclones 
were stable enough to isolate DNA. 
Comparative Analysis and Regional Assignment of 
IRS-PCR Radiation Hybrid Products 
Ten RH 128 subclones were characterized by South- 
ern hybridization and IRS-PCR amplification using Alu 
and L1Hs-directed primers. Using primer A-TC65N, 
RH 128 DNA yielded at least 30 distinct ethidium bro- 
mide-stained amplification products ranging from 6.4 to 
0.6 kb in size; no products resulted from the amplifica- 
tion of hamster DNA, indicating that  the primers were 
human-specific (Fig. 1). RH 128 and subclones A4 and 
D6 yielded an identical pattern of products. Eight sub- 
clones yielded a reduced but similar pattern of products, 
which varied by the presence or absence of a small num- 
ber of specific products. Several subclones (D1, C4, and 
A1; A5 and A3) yielded apparently identical patterns; 
subclone A2 yielded the most reduced pattern (Fig. 1). 
Similar results were obtained using primers A-517N and 
L1HsN (data not shown). These results demonstrated 
that  the IRS-PCR amplifications were reproducible, 
distinctive, and specific and suggested that, compared to 
RH 128, subclones yielding a reduced pattern of amplifi- 
cation products contained fewer X-chromosomal frag- 
ments. 
To identify RH 128 subclones containing DNA frag- 
ments spanning the IP1 breakpoints, probes mapped to 
regions proximal (pBamX7), distal (pTAK8a), and be- 
tween (p58-1, RX-66a, 30CE2.8) IP1 X-chromosomal 
translocation breakpoints were hybridized to hybrid 
DNA. Eight subclones contained all five markers; sub- 
clones A3 and A5 contained none of the markers (Fig. 1). 
The observed cosegregation of DNA markers suggested 
that  all five markers were contained on a single X chro- 
mosome fragment and implied that  amplification prod- 
ucts derived from this fragment would exhibit the same 
pattern of distribution within RH 128 subclone DNA. 
Eleven distinct ethidium bromide-stained IRS-PCR 
amplification products were observed to be distributed 
in a pattern identical to the DNA markers spanning the 
IP1 breakpoints; these included A-TC65N-primed prod- 
ucts 2S, 3S, and 4S {Fig. 1) and 2 A-517N and 6 L1Hs- 
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FIG. 2. Idiogram of GTG-banding patterns of the pericentric portion of a prometaphase human X chromosome (ISCN 1985). Bars indicate 
the X-chromosomal regions present in specific somatic cell hybrids; the exact location of the IP1 X;17 X-chromosomal translocation breakpoint 
in relation to the Xcen has not been determined (Gorski e t  al., 1991). X-chromosomal loci found to be in the vicinity of the IP1 locus are shown 
in their assigned regions: 10 DNA sequences map to a region between IP1 X-chromosomal breakpoints; 3 DNA sequences map to a region distal 
to the X;13 and X;9 IP1 breakpoints and proximal to the GM10501 breakpoint within Xp11.21; and no loci have been assigned to the potential 
region between the IP1 X;9 and X;13 breakpoints. The regional assignments of MTHFDL1 (Rozen e t  al., 1989; Italiano e t  al., 1991), DXST05, 
DXS706, and DXS736 are based on mapping data reported in the present work; the regional assignment of DXS741 is based on mapping data 
reported in a companion paper (Gorski e t  al., 1992); and the other loci have been previously mapped (Gorski e t  al., 1991; Lafreniere e t  al., 1991; 
Cotter e t  al., 1992). 
primed products (data not shown). To map these prod- 
ucts to a specific X-chromosomal region, the 11 amplifi- 
cation products were isolated from gels and reamplified, 
and low-copy restriction fragments derived from the 
products were used as probes to hybridize to IP1 somatic 
cell hybrid-mapping-panel DNA. As shown schemati- 
cally in Fig. 2, products 3S and 2S mapped to a region 
between IP1 X chromosome translocation breakpoints. 
Of the remaining 9 products, 1 mapped to Xq, 2 mapped 
distal to the GM10501 breakpoint on Xp, and 1 was au- 
tosomal; 2 products failed to reamplify and 3 were repeti- 
tive (data not shown). 
Having isolated PCR products that  mapped to a re- 
gion of interest, we sought to modify this strategy to 
isolate additional products not identified by ethidium 
bromide staining. For this purpose, a plasmid library 
that  contained the A-TC65N-primed amplification prod- 
ucts of subclone A2 DNA was constructed; 96 recombi- 
nant  clones were randomly selected, reamplified, and 
fingerprinted by restriction enzyme digestion. Most 
products (62 of 95; 65%) were identical and corre- 
sponded to the intense 2.4-kb ethidium bromide-stained 
amplification product seen in the amplified products of 
subclone A2 DNA (Fig. 1). By fingerprinting, 14 discrete 
amplification products were identified; 1 product, 
pea84, was found to be identical to the previously iso- 
lated product 2S (data not shown). To identify products 
exhibiting a distribution pattern matching that  of the 
DNA markers spanning the IP1 breakpoints, each of the 
remaining 13 unique products was used as probe and 
hybridized to membranes containing the PCR products 
of A-TC65N-primed RH 128 subclone DNA; 8 products 
showed the desired hybridization pattern and hybridized 
to an identically sized product present in all of the sub- 
clone DNAs except subclone A3 (Fig. 3). By comparison, 
only 6 of 41 randomly selected A-TC65N-primed RH 
128 amplification products yielded the same pattern of 
distribution (data not shown). Used as a probe and hy- 
bridized to IP1 somatic cell hybrid-mapping-panel 
DNA, product pEa8 mapped to the region between IP1 
X chromosome translocation breakpoints (Figs. 2 and 
3); 4 products mapped to Xp distal to the GM10501 
breakpoint, and 3 were repetitive (data not shown). The 
localization of the isolated DNA markers, relative to 
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FIG.  3. Amplification products pEa8, 2S/pEa84, and pea7  se- 
quentially hybridized to 200 ng of A-TC65N-primed RH 128 subclone 
DNA amplification products (A) and HindIII-digested IP1 somatic 
cell hybrid mapping panel DNA (B). Although each probe hybridized 
to multiple amplification products, the observed hybridization pat tern  
was probe-specific and each probe preferential hybridized to an identi- 
cal-sized product (arrows). The hybridization pat tern  of probes pEa8 
and 2S/pEa84 matched tha t  of the DNA markers mapped to the re- 
gion between IP1 breakpoints; even upon overexposure, as opposed to 
probe pea7,  nei ther  pEa8 nor 2S/pEa84 detected a like-sized product 
in subclone A3 DNA (A). Probes pEa8 (DXS736) and 2S/pEa84 
(DXS706) had identical pat terns  of hybridization to IP1 somatic cell 
hybrid mapping panel DNA; both  mapped to the same region between 
IP1 X-chromosomal translocation breakpoints (B). 
others mapped in the vicinity of the IP1 breakpoints, is 
summarized schematically in Fig. 2. 
Physical Mapping of IRS-PCR Amplification Products 
PFGE analyses were performed to better define the 
region between IP1 X chromosome translocation break- 
points and localize newly isolated DNA markers relative 
to those previously mapped; three probes could be tenta- 
tively overlapped by these analyses (Fig. 4). Probes 
cpX210 and MTHFDL1 detected a superimposable 660- 
kb SfiI fragment; probes MTHFDL1 and 3S detected 
superimposable 1200-kb SfiI fragments, and 1300- to 
1600-kb SacII fragments; and probes cpX210 and 3S 
failed to detect a common restriction fragment. These 
results tentatively place probes cpX210 and MTHFDL1 
within 660 kb and probes MTHFDL1 and 3S within 
1200 kb. Probe cpX210 was previously mapped to within 
120 kb of probe p58-1 (Gorski et al., 1991); probe p58-1 
failed to detect a restriction fragment common to 
MTHFDL1 and 3S (data not shown). These preliminary 
data suggest the locus order: DXS14-DXS422- 
MTHFDL1-DXS705; this order requires confirmation 
by YAC cloning or additional PFGE studies. 
Pulsed-field blots are extremely sensitive to repetitive 
sequences, more so than Southern blots; even with the 
use of probe competition conditions (Patel et al., 1991), 
probes derived from products 2S/pEa84 and pEa8 were 
found to be too repetitive to be used as probes for PFGE 
blots (data not shown). Probe 3S was used for a PFGE 
analysis of somatic cell hybrids containing IP1 deriva- 
tive chromosomes; hybridized to PFGE blots containing 
EagI, SacII, and SfiI-digested hybrid C9-5, B13-3, 
CLX17-A12, and GM06318 DNAs, probe 3S detected 
restriction fragments of apparently identical size (data 
not shown). The evident uniformity of restriction frag- 
ments detected suggests that  these restriction fragments 
have not been rearranged and implies that  the IP1 X- 
chromosomal translocation breakpoints are located out- 
side the region analyzed. 
DISCUSSION 
This study demonstrates an approach for rapidly iso- 
lating region-specific DNA markers from a RH contain- 
ing multiple human chromosome fragments. The paren- 
tal RH used in this study was found to contain at least 
three human X chromosome fragments, including a set 
of DNA markers spanning a region of interest within 
Xpll.21. To facilitate the mapping of DNA markers, we 
constructed a hybrid mapping panel composed of multi- 
ple, discrete subclones derived from a single parental 
RH. This hybrid panel was used to (a) identify particular 
subclones which contained the region of interest and 
yielded a reduced number of amplified products (and pre- 
sumably contained a reduced number of X chromosome 
fragments) and (b) construct a mapping panel to assist 
in identifying regional DNA markers. Human-specific 
DNA markers were isolated from RH DNA by IRS-PCR 
amplification; products with the same pattern of distri- 
bution as previously mapped IP1 markers were tenta- 
tively identified as region-specific DNA markers. Using 
this approach, we have isolated three different PCR 
products that  map to a region between IP1 X chromo- 
some translocation breakpoints. 
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FIG. 4. Southern blot analysis of somatic cell hybrid DNA partially digested with either SfiI (A) or SacII (B); the same filters were 
sequentially hybridized with probes cpX210, MTHFDL1, and 3S. DNA was fractionated by CHEF electrophoresis in 1.0% agarose (0.5X TBE) 
using 200 V at 14°C; switch times were 60 s for 20 h and 120 s for 12 h (A) and 60 s for 15 h and 90 s for 9 h (B). For SfiI digests, hybrid GM06318 
DNA was digested with 30 U (lane 1), 15 U (lane 2), and 5 U (lane 3); for SacII digests, hybrid C9-5 (lane 1), B13-3 (lane 2), and CLX17-A12 
(lane 3) DNAs were digested with 30 U. Probe cpX210 detected 400- and 660-kb SfiI fragments; probe MTHFDL1 detected 260-, 660-, and 
1200-kb SfiI fragments, and 630- to 660-kb and 1300- to 1600-kb SacII fragments; and probe 3S detected 340- and 1200-kb SfiI fragments, and 
660- to 680-kb and 1300- to 1600-kb SacII fragments. Arrows point to restriction fragments corecognized by different probes when autoradio- 
grams are superimposed. The different SacII fragment sizes observed in hybrid C9-5 and B13-3 DNA were not present on other SacII blots and 
probably represent artifactual differences in quantities of DNA loaded; the partially digested SacII fragments detected by MTHFDL1 and 3S 
are superimposable. 
I t  c an  be expec ted  t h a t  R H s  will  have  d i f fe ren t  a t t r i b -  
u t e s  a f fec t ing  t he  ease w i th  wh ich  each  can  be used  to 
c o n s t r u c t  a h y b r i d  s u b c l o n e  m a p p i n g  pane l ;  t he  recovery  
of region-speci f ic  D N A  m a r k e r s  f rom a R H  has  b e e n  
h a m p e r e d  by  the  p r e sence  of a d d i t i o n a l  f r a g m e n t s  n o t  
de t ec t ed  by  p r e l i m i n a r y  h y b r i d i z a t i o n  a n a l y s e s  (Ben-  
h a m  a n d  Rowe, 1992). T h e  s t r a t egy  we descr ibe,  how- 
ever, shou ld  be gene ra l ly  app l i cab le  to o the r  s i t u a t i o n s  
in  wh ich  R H s  c o n t a i n  a p a r t i c u l a r  reg ion  of in te res t .  
R H s  have  b e e n  n o n s e l e c t i v e l y  c o n s t r u c t e d  for a rela-  
t ive ly  large n u m b e r  of h u m a n  c h r o m o s o m e s  i n c l u d i n g  
X,  4, 5, 6, 9, 10, 11, 12, 16, a n d  21 ( B e n h a m  et  al., 1989; 
Cecche r in i  e t  al., 1989; Cox et  al., 1989; B r o o k s - W i l s o n  et  
al., 1990; Glase r  et  al., 1990; F l o r i a n  et  al., 1991; Ragous -  
sis et  al., 1991; T h o m a s ,  1991; Zoghbi  et  al., 1991; S i n k e  
e t  al., 1992); the  use  of R H  subc lones  to a s semble  h y b r i d  
m a p p i n g  p a n e l s  m a y  e x t e n d  the  use  of  ex i s t i ng  R H s  a n d  
prov ide  a d d i t i o n a l  hyb r id s  for c o m p a r a t i v e  m a p p i n g  a n d  
subc lon ing .  
Our  p r e s e n t  d a t a  do n o t  p rov ide  a n  e s t i m a t e  of the  
to ta l  n u m b e r  of p o t e n t i a l  I R S - P C R  p r o d u c t s  c o n t a i n e d  
w i t h i n  the  reg ion  b e t w e e n  IP1  X - c h r o m o s o m a l  t r a n s l o -  
c a t i o n  b r e a k p o i n t s ;  however ,  our  resu l t s  suggest  t h a t  a 
more  i n t e n s i v e  effort  wou ld  r e su l t  i n  the  i so l a t i on  of ad-  
d i t i o n a l  region-speci f ic  D N A  marke r s .  P r e s e n t l y ,  we 
have  i so la ted  a p p r o x i m a t e l y  one  region-speci f ic  D N A  
m a r k e r  per  800 kb  of genomic  D N A .  T h i s  c l o n i n g  effi- 
c i ency  c o m p a r e s  f avo rab ly  to o ther ,  more  l abor  i n t e n s i v e  
techniques, such as chromosome microdissection (Lu- 
decke et  al., 1989), P E R T  cloning (Nussbaum et  al., 
1987), and coincidental cloning (Aslanidis and de Jong, 
1991). In addition, this achieved density of DNA 
markers is appropriate for the initiation of additional 
molecular studies including PFGE mapping, radiation 
hybrid mapping (Cox et  al., 1990), fluorescence in  s i t u  
hybridization analysis (Trask e t  al., 1991), the isolation 
of overlapping genomic clones in yeast artificial chro- 
mosomes (Schlessinger et  al., 1991), and the isolation of 
sequence tagged sites (Olsen e t  al., 1989). A total of 10 
DNA sequences have now been mapped to a region be- 
tween IP1 X-chromosomal translocation breakpoints. 
Together, these sequences provide a starting point for 
identifying overlapping genomic sequences spanning the 
IP1 breakpoints; the availability of IP1 translocation 
breakpoints should assist the molecular analysis of this 
locus. 
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